Objective: Fifty percent of pregnancies in the United States are unintended despite numerous contraceptive methods available to women. The only male contraceptive methods, vasectomy and condoms, are used by 10% and 16% of couples, respectively. Prior studies have shown efficacy of male hormonal contraceptives in development, but few have evaluated patient acceptability and potential use if commercially available. The objective of this study is to determine if a transdermal gel-based male hormonal contraceptive regimen, containing testosterone and Nestorone® gels, would be acceptable to study participants as a primary contraceptive method. Study Design: As part of a three-arm, 6-month, double-blind, randomized controlled trial of testosterone and nestorone gels at two academic medical centers, subjects completed a questionnaire to assess the acceptability of the regimen. Of the 99 men randomized, 79 provided data for analysis. Results: Overall, 56% (44/79) of men were satisfied or extremely satisfied with this gel-based method of contraception, and 51% (40/79) reported that they would recommend this method to others. One third of subjects (26/79) reported that they would use this as their primary method of contraception if it were commercially available today. However, men with concerns about sexually transmitted disease were significantly less satisfied than men without such concerns (p=0.03). Conclusions: A majority of the men who volunteered to participate in this trial of an experimental male hormonal contraceptive were satisfied with this transdermal male hormonal contraceptive. If commercially available, a combination of topical nesterone and testosterone gels could provide a reversible, effective method of contraception that is appealing to men. Implications: A substantial portion of men report they would use this transdermal male contraceptive regimen if commercially available. This method would provide a novel, reversible method of contraception for men, whose current choices are limited to condoms and vasectomy.
Introduction
Unintended pregnancies account for 50% of pregnancies in the United States despite numerous contraceptive methods available to women. The only contraceptive methods currently available to men are vasectomy and condoms, used by 10% and 16% of couples, respectively [1] . Development of male hormonal contraceptives has been ongoing for many years and requires the administration of exogenous testosterone (T) combined with a progestin to effectively suppress the secretion of gonadotropins and subsequently suppress spermatogenesis [2] . Suppression of sperm concentrations to below 1 million/mL results in fertility rates commensurate with female oral contraceptive pills [3] .
General interest regarding hypothetical male hormonal contraceptives is high across various cultures and ethnic groups [4] [5] [6] , and women in stable monogamous relationships report that they would trust their partner to use a male hormonal contraceptive [7] . While no commercially available male hormonal contraceptive exists, several efficacy trials have studied various methods of hormone administration, including injections, implants, gels and combinations thereof [3, [8] [9] [10] [11] [12] . However, little information regarding the acceptability of these approaches to men has been reported, and no information on a gel-based male hormonal contraceptive regimen is available.
To assess the acceptability of a transdermal male hormonal contraceptive regimen in men participating in a 6-month, two-site, double-blind, randomized controlled trial of T and nestorone (NES) gels, we asked subjects to complete an acceptability questionnaire to assess overall contraceptive attitudes and acceptability of the method. We hypothesized that the majority of subjects would find a gelbased male hormonal contraceptive regimen acceptable for long-term use if it were commercially available.
Materials and methods

Study design
The study design has been previously reported [13, 14] . In brief, healthy male volunteers were enrolled at two academic medical centers as part of the Contraceptive Clinical Trial Network. After randomization to one of three treatment groups: (a) T gel 10 g+placebo gel (T+NES 0); (b) T gel 10 g+8 mg NES gel (T+NES 8); (c) T gel 10 g+12 mg NES gel (T+NES 12); gels were applied daily for 20-24 weeks. Subjects completed acceptability questionnaires at 12 and 24 weeks of treatment. Subjects who dropped out of the study early but returned for an end-of-study visit completed an "end of treatment" acceptability questionnaire at their exit visit. All subjects provided written consent prior to the initiation of screening and study procedures.
NES, a 19-norprogesterone-derived progestin with no androgenic, estrogenic or glucocorticoid activity [15, 16] , is effective at suppressing gonadotropins when combined with T gel in men [17] . T gel (Testogel®) was manufactured by Besins Healthcare S.A. (Brussels, Belgium) and supplied by GOOGLIFE Healthcare (Den Haag, the Netherlands). NES and placebo gels were produced by Antares Pharma (Basel, Switzerland) based on a formulation developed by the Population Council (New York City, NY, USA). This trial was registered at www.clinicaltrials.gov, National Clinical Trial no. 00891228 and 00229593.
Acceptability questionnaire
As no validated instruments exist to assess the acceptability of male hormonal contraceptives, we adapted a previously published acceptability questionnaire [18] . The questionnaire was based upon earlier questionnaires published in male contraceptive acceptability studies [10, [19] [20] [21] [22] and included questions about specific characteristics of the gels applied, overall acceptability, likelihood of using the regimen if commercially available and current contraceptive use.
Using a 5-point Likert scale, subjects were asked to select strongly disagree, disagree, undecided, agree or strongly agree to the following statements: "Overall, I was satisfied with this investigational method of contraception," "If available today, I would use this method of contraception as my primary method of contraception" and "I would recommend this method of contraception to others." Using the same scale, subjects were asked to respond to the following statements about each gel: "The gel was easy to use," "The gel smelled good," "The gel dried quickly on my skin," "The gel left my skin feeling sticky or greasy," "Applying the gel interfered with my daily routine," "The gel was messy to use," "The gel irritated my skin" and "The gel interfered with my sexual activities."
Subjects were asked a series of questions about current contraceptive practices including relationship status and the current method used by the subject or their partner most often. Subjects were asked to select very dissatisfied, mostly dissatisfied, neutral or mixed, mostly satisfied and very satisfied to the question, "How satisfied are you with the contraceptive method you or your partner have used most often?" Subjects were asked to select a lot better, a little better, about the same, a little worse or a lot worse to the following statements: "How did this method of contraception compare with your expectations?" and "How would you compare this method of contraception to the method of contraception you or your partner has used most often?" Lastly, subjects were asked to select very important, important, moderately important, of little importance or unimportant to the question, "How important is protection from sexually transmitted diseases in your contraceptive choice?"
Statistical analysis
There were no significant differences in the responses between the three treatment groups; so all treatment groups were combined for this analysis. In addition, there were no differences in Week 12 versus Week 20-24 responses; therefore, only the Week 20-24 data are presented. Analysis was done as an intent-to-treat analysis including all 79 subjects who completed the questionnaires. A sensitivity analysis was also completed using the 55 subjects who were considered efficacy evaluable and were compliant with the full 20-24 weeks of treatment. For ease of presentation and analysis, answers are grouped as strongly disagree/disagree, strongly agree/agree, a lot better/better and a lot worse/worse. Outcomes were compared using an extended chi-square test, or Fisher's Exact Test as appropriate. For all comparisons, an alpha b 0.05 was considered significant. Statistical analyses were performed using STATA Version 12.1 (College Park, TX, USA).
Results
Baseline characteristics
Of the 99 subjects randomized, 79 subjects completed the end-of-treatment acceptability questionnaire, including 17 of 37 subjects who dropped out of the study prior to Week 20-24. Twenty subjects terminated the study early and did not return for an end-of-treatment visit.
The mean age of the enrolled subjects was 27, ranging from age 18 to 50. Sixty-seven percent were Caucasian, 15% African American, 14% Asian and 4% of Native American or Native Hawaiian descent. Baseline contraceptive use and relationship characteristics are shown in Table 1 . Contraceptive use did not differ by age (p=0.8) or ethnicity (p=0.6). Fifty-eight percent (46/79) of subjects reported satisfaction with their current method of contraception and 11% (9/79) of subjects reported dissatisfaction with their current method of contraception. Of those "most dissatisfied" or "somewhat dissatisfied," all were either using condoms or a combination of condoms and a female pill or patch for their current method of contraception.
In comparing the full cohort of 79 subjects to the 55 men deemed efficacy evaluable, there was no statistically significant differences in baseline contraceptive use or relationship characteristics. While 60% (33/55) of efficacy evaluable subjects reported satisfaction with their current method of contraception and 13% (7/55) reported dissatisfaction, which was not statistically different from the full cohort.
Overall acceptability
A majority of subjects were satisfied with this investigational method of contraception (58%, 44/79) and would recommend this method of contraception to others if it were commercially available (53%, 40/79). About a third of subjects (34%, 26/79) reported that they would use this gel-based male hormonal contraceptive as their primary method of contraception if it were available today. There was no association between likelihood of using this contraceptive regimen and age (p=0.31) or relationship status (p=0.47). There was an interaction between ethnicity and likelihood of using this form of contraception (p=0.05), with African American men reporting the least interest in using this contraceptive regimen, and Asian and Caucasian men most likely to use this regimen.
In comparison to current contraceptive use, 34% (27/79) of subjects answered that this experimental method of contraception was better than their current method of contraception, whereas 35% (28/79) answered that this method was worse. There was no significant interaction between current use of condoms for contraception and overall satisfaction (p=0.46) or likelihood of using this method as a primary method of contraception (p=0.23). However, there was a strong negative association between concern about sexually transmitted disease and both overall satisfaction (p=0.03) and likelihood of using this method as a primary form of contraception (p=0.02). Subjects who reported that protection from sexually transmitted diseases was important in their contraceptive choice were significantly less likely to agree with the statement, "Overall, I was satisfied with this method of contraception" and "I would use this method of contraception as my primary method."
Among the 55 subjects who were efficacy evaluable, there was no difference when compared to the full cohort of 79 subjects in the overall satisfaction, likelihood of using or recommending this male hormonal contraceptive regimen. Similarly, neither overall satisfaction with this method of contraception nor likelihood of using this contraceptive regimen if it were commercially available was affected by current condom use (p=0.21 and p=0.08, respectively). As seen with the full group of subjects, there was a strong negative association between overall satisfaction with this gel-based contraceptive method and concern for protection from sexually transmitted diseases (p=0.004).
Assessment of gel formulation
T gel and NES gels were applied separately in this study as either two sachets applied to the arms and chest daily (T) or dispensed in a pump and applied to the abdomen daily (NES). The assessment of gel characteristics was similar for the two gels (Table 2) , except in response to the statement, "The gel dried quickly on my skin." Significantly more subjects agreed or strongly agreed with this statement for the T gel than the NES gel (p=0.001).
The responses to the gel acceptability questions were not different among the 55 subjects who were efficacy evaluable as compared to the full cohort of 79 subjects.
Discussion
In this report, we demonstrate that daily application of T and NES gels is an acceptable form of contraception for the majority of subjects in a 6-month male hormonal contraceptive trial. Given that this regimen was previously shown to be effective for nearly 90% of men at suppressing sperm concentrations down to a level effective for preventing pregnancy (b 1 million/mL) [13] , its acceptability is of great interest to further develop this contraceptive method into a commercially available one.
Overall acceptability of this regimen was high and comparable to both an injection-only male hormonal contraceptive regimen [19] and a combination of T gel and injections of depomedroxyprogesterone acetate every 3 months [18] . Although it is difficult to compare results from clinical trials with population data, it is worth noting that the probability of women discontinuing oral contraceptive pills is estimated to be 31% and 47% within 6 and 12 months of use, respectively, in a general population study [23] . Discontinuation rates were higher with all other contraceptive methods.
While overall acceptability was high, a smaller number of subjects, 34%, reported that they would use this method as their primary method of contraception. The concern about risk of sexually transmitted diseases was a significant confounder when addressing whether men would use this method of contraception. The acceptability questionnaire did not address secondary forms of contraception or why a subject would choose not to use this method as a primary method of contraception. In addition, this study did not ask about sexual preference, which could confound the results regarding whether a man would use this for contraception. Future studies will include questions tailored to improve our understanding of overall contraceptive choices among men, and why fewer men would use this regimen than would recommend it to peers.
In this study, the test medication was administered as two separate gels -one administered by sachets and one by pump. Both gels dry in less than 5 min, and inconvenience of the daily gel routine did not appear to be a large factor in acceptability. In terms of the two different gels used in this study, they were similarly acceptable to men with no differences in ease of use or perceptions of interference with other activities. While no studies have directly compared acceptability of hormone replacement by gel versus patch, prior studies of T and estradiol topical preparations show consistently fewer adverse events related to skin irritation or rashes among the gels [24] [25] [26] . In addition, gel formulations account for the majority of T replacement in the United States [27] . Future studies will test a single gel regimen that contains both T and NES, which could improve appeal to men.
This study has several limitations, including the lack of a validated questionnaire to assess general acceptability of a contraceptive regimen in men. In addition, this randomized controlled trial enrolled healthy volunteers which may not be representative of the general population of men. However, this analysis included acceptability data from all men enrolled in the study, including those who exited the study early, thus including subjects who may have dropped out due to their dislike of the medication regimen. A sensitivity analysis was performed looking specifically at men who completed the full 20-24-week treatment phase of the study and specifically at men who dropped out early from the study and found no significant differences in any of the acceptability questions. In addition, none of the subjects who dropped out early from the study cited dislike of the study drug as their reason for leaving the study. Lastly, this study did not assess the acceptability of the gelbased regimen to the study subjects' partners. Only one prior contraceptive study enrolling married men solicited input regarding acceptability of the regimen from the subjects' wives [21] .
In conclusion, this study demonstrates that daily application of a topical gel-based male hormonal contraceptive regimen is acceptable to over half of men enrolled in a male hormonal contraceptive trial. Over a third of men report they would use this as their primary form of contraception if it were commercially available. These data support further development of a daily gel-based male hormonal contraceptive regimen with the ultimate goal of a safe, effective, reversible and easy-to-use contraceptive option for men.
